**Core tip:** The proliferation of hepatic stellate cells (HSCs) is associated with hepatic fibrosis. The activated HSCs, as well as Wnt1 and β-catenin, have become important targets in anti-hepatic fibrosis therapy. This research investigated the protective effect of the combined use of vitamin D and puerarin against CCl~4~-induced hepatic fibrosis in rats. The protective effect of the combined use of vitamin D and puerarin in the progression of hepatic fibrosis is closely associated with the function of silencing the Wnt1/β-catenin pathway, suppressing the activation of HSCs, and decreasing the secretion of collagen fibers, which provided a useful reference for those in clinical practice.

INTRODUCTION
============

Hepatic fibrosis is the change of pathological structures due to all kinds of chronic liver diseases. Essentially, it occurs because extracellular matrix (ECM) synthesized by hepatic stellate cells (HSCs) under the actions of various pathogenic factors substantially increases, exceeding the degradation ability of the liver itself. The long-term accumulation of ECM will lead to hepatic fibrosis and thus cause liver cirrhosis\[[@B1],[@B2]\]. In recent years, it has been proven that the β-catenin protein plays a critical role in the occurrence and development of hepatic fibrosis\[[@B3],[@B4]\]. Previous studies revealed that the more serious the hepatic fibrosis, the higher the expression of β-catenin in liver tissues compared with normal liver tissues, and silencing β-catenin is able to suppress the secretion of collagen and the proliferation of HSCs and mediate cell apoptosis. β-catenin participates in many signalling pathways, among which the Wnt/β-catenin pathway is the most common along which β-catenin plays its role. Apart from this, β-catenin also participates in alternative pathways including E-cadherin, NF-κB, and TGF-β\[[@B5]-[@B7]\]. Therefore, β-catenin is key to the intersection of multiple signalling pathways. Existing experiments revealed that HSC-T6 cell membranes and cytoplasm with activated phenotypes show β-catenin expression, and β-catenin expression is also observed in nuclei. This indicates that the Wnt/β-catenin signalling pathway is activated in activated HSCs. The expression of α-SMA in HSC-T6 cells was down-regulated by blocking the transduction of the Wnt/β-catenin signalling pathway, and the expression of types I and III collagen (Collagen I and Collagen III) was also significantly down-regulated. The analysis based on the String database finds that DVL1, DVL2, and DVL3 play their functions in signal transduction pathways mediated by multiple Wnt genes. They are regulatory factors for the Wnt signalling pathway and ER-to-Golgi transport and participate in the ER-to-Golgi transport, thus KLHL12 plays a critical role in the export of collagen, as shown in Figure [1](#F1){ref-type="fig"}. This implies that the Wnt/β-catenin signalling pathway is closely associated with the activation of HSCs.

![Interaction between WNT-related genes and collagen-related genes.](WJG-24-4178-g001){#F1}

Carbon tetrachloride (CCl~4~) is one of the classical poisons used in establishing hepatic fibrosis models and is therefore widely used in fundamental research\[[@B8]\]. Previous research has proven *in vivo* that vitamin D is able to alleviate hepatic fibrosis, and *in vitro* experiments confirmed that vitamin D can reduce the secretion of collagen fibers of HSCs\[[@B9],[@B10]\]. There are also evidences from existing research that puerarin is capable of attenuating hepatic fibrosis, which is probably associated with the inhibition of the activation of HSCs by blocking the TNF-α signalling pathway\[[@B11],[@B12]\]. A preliminary study by the present research team has confirmed that the combined use of vitamin D and puerarin is able to enhance the anti-hepatic fibrosis effect; however, the related mechanism has not been revealed. Therefore, the current research investigated the effects of vitamin D combined with puerarin on the expression of key factors, including Wnt1, β-catenin, Collagen I, and Collagen III, in the Wnt/β-catenin signalling pathway based on the aforementioned preliminary study. By doing so, we attempted to further clarify the mechanism of the combined use of vitamin D and puerarin in anti-hepatic fibrosis.

MATERIALS AND METHODS
=====================

Experimental materials
----------------------

Fifty clean-grade healthy male Wistar rats (with a body mass of about 200 g) of similar age were provided by the Animal Center of Youjiang Medical College for Nationalities. Analytically pure CCl~4~ was purchased from Sinopharm Chemical Reagent Co., Ltd, and vitamin D and puerarin were purchased from Sigma. In addition, corn oil, Sirius red staining solution, and real-time fluorescence quantitative PCR kits were purchased from Wako Pure Chemical Industries, Ltd, Beijing Leagene Biotech Co., Ltd, and Roche (Switzerland), respectively. Wnt1 and β-catenin antibodies were purchased from Santa Cruz Biotechnology (Dallas, TX, United States). Table [1](#T1){ref-type="table"} shows the designations and sequences of primers.

###### 

Designations and sequences of primers

  **Designation (mice)**       **Sequence (5'-3')**
  ---------------------------- ---------------------------------
  *GAPDH*                      F: GGCATCCTGACCCTCAAGTA
  R: GGGGTGTGAACCTCTCAAA       
  *Collagen *I                 F: GGACACTACTGGATCGACCTAAC
  R: CTCACCTGTCTCCATGTTGCA     
  *Collagen* III               F: CTACCTTGCTCAGTCCTATGAGTCTAGA
  R: TCCCGAGTCGCAGACACATAT     
  *Wnt1*                       F: GAAACCGCCGCTGGAACT
  R: CCCTGCCTCGTTATTGTGAAG     
  β*-catenin*                  F: ACC TCC CAAGTC CTG TAT
  R: CCT GGT CCT CGT CAT TTA   

Experimental methods
--------------------

Fifty Wistar rats were randomly divided into five groups. Rats in the CCl~4~ group were administered 3 mL/kg of corn oil solution containing 45% CCl~4~ through intraperitoneal injection twice a week. The normal control group (C group) was administered the same dose of normal saline through intraperitoneal injection twice a week. The V, P, and V + P groups were the drug intervention groups. On the basis of the models established using corn oil solution containing CCl~4~, mice in the three groups received 2 μg/kg of vitamin D, 0.4 g/kg of puerarin, and a combination of D vitamin (2 μg/kg) and puerarin (0.4 g/kg) through intragastric administration twice a week. The mice were subjected to fasting for one hour before each administration of treatment. The C group received the same quantity of normal saline through intragastric administration. After eight weeks, the mice were fasted overnight the day before the end of the experiments and sacrificed the next day. Whole blood was collected and stood for 20 min at room temperature. Then, the blood was centrifuged at 5000 rpm for 15 min. Thereafter, the supernatant and then the serum were obtained, followed by the detection of hyaluronic acid (HA) in blood using the aforementioned kit. After collecting the liver of the rats, the kit was used to detect hydroxyproline (Hyp) in the liver. Part of the liver was fixed in a paraformaldehyde solution, and paraffin sections were prepared. After Sirius red staining, liver tissue slices were placed under the microscope to observe their pathological changes and degree of fibrosis. Moreover, real-time fluorescence quantitative PCR was applied to detect the mRNA levels of Collagen I, Collagen III, Wnt1, and β-catenin, and a western blot assay was used to measure the protein levels of Wnt1 and β-catenin.

Statistical analysis
--------------------

The experiments were repeated three times for each group. SPSS 17.0 statistical software was used for subsequent analysis. The analytical results were expressed using mean ± SD, and a *t*-test was used when comparing paired groups. The difference was deemed statistically significant when *P* \< 0.05.

RESULTS
=======

Determination of biochemical indices of blood and liver
-------------------------------------------------------

HA is a type of proteoglycan distributed around hepatic cells, and its content significantly increases in blood when hepatic fibrosis occurs\[[@B13]\]. Hyp in liver is an important part of the collagen fibers in liver, and the amount thereof also increases when hepatic fibrosis occurs\[[@B14]\]. Therefore, these two factors are important diagnostic indices of hepatic fibrosis. As shown in Table [2](#T2){ref-type="table"}, the HA and Hyp of the CCl~4~ group were significantly higher than those of the C group, which indicated, to some extent, that the hepatic fibrosis model had been successfully established. The HA and Hyp levels of the V, P, and V + P groups were much lower than those of the CCl~4~ group. Among these groups, the V + P group showed the most significant reduction in HA and Hyp levels.

###### 

Biochemical indices of blood and liver

  **Groups**   **HA (μg/L)**        **Hyp (μg/g)**
  ------------ -------------------- --------------------
  C            61 ± 20.6^bcde^      195.6 ± 10.5^bcde^
  CCl~4~       157.3 ± 44.3^acde^   503 ± 31.7^acde^
  V            70.2 ± 12.9^b^       375.2 ± 26.9^ab^
  P            79.5 ± 11.6^b^       361.3 ± 24.1^ab^
  V + P        65 ± 12.1^b^         353.7 ± 21.6^ab^

In the comparison of the mean ± standard deviation (SD) of various groups, differences are statistically significant when *P* \< 0.05, with *n* = 10. In addition, a, b, c, d, and e represent statistical differences *vs* C, CCl~4~, V, P, and V + P groups, respectively. C: Control; V: Vitamin; P: Puerarin.

Observation of the pathological sections of liver tissues
---------------------------------------------------------

The Sirius-red-stained sections of each group were observed under the microscope. As illustrated in Figure [2A](#F2){ref-type="fig"}-F, mice in the CCl~4~ group and the medication groups showed larger areas of fibrosis in their liver tissues than in the C group. In addition, the areas of fibrosis of liver tissues in rats in each of the medicated groups were smaller than that of the CCl~4~ group (*P* \< 0.05). Among the three groups, the V + P group presented the smallest area of fibrosis.

![Sirius red staining. A: Control (C) group; B: CCl~4~ group; C: Vitamin D (V) group; D: Puerarin (P) group; E: V + P group (200 × magnification); F: Statistical graph of positive Sirius-red-stained areas (in the comparison of the mean ± SD of various groups, differences are statistically significant when *P* \< 0.05, *n* = 10. a, b, c, d, and e represent statistical differences *vs* C, CCl~4~, V, P, and V + P groups, respectively).](WJG-24-4178-g002){#F2}

mRNA levels of collagen I, collagen III, Wnt1, and β-catenin
------------------------------------------------------------

RT-PCR detection was conducted to test the mRNA levels of Collagen I, Collagen III, Wnt1, and β-catenin of the rats in each group. It can be seen from Table [3](#T3){ref-type="table"} that the mRNA levels of Collagen I, Collagen III, Wnt1, and β-catenin of liver tissues of rats in the CCl~4~ group and the medicated groups are all higher than those of the C group. The mRNA levels of these indices of rats in the three medicated groups were all lower than those of the CCl~4~ group (*P* \< 0.05). Among the medicated groups, the V + P group showed the lowest mRNA levels.

###### 

The mRNA levels of collagen I, collagen III, Wnt1, and β-catenin of liver

  **Groups**   **Collagen I**      **Collagen III**    **Wnt1**            **β-catenin**
  ------------ ------------------- ------------------- ------------------- -------------------
  C            1.17 ± 0.16^bcde^   0.62 ± 0.15^bcde^   0.56 ± 0.13^bcde^   0.48 ± 0.21^bcde^
  CCl~4~       4.73 ± 0.76^acde^   2.47 ± 1.12^acde^   1.77 ± 0.32^acde^   2.16 ± 0.42^acde^
  V            1.97 ± 0.31^b^      1.29 ± 0.19^ab^     1.06 ± 0.35^ab^     1.25 ± 0.33^ab^
  P            1.75 ± 0.46^b^      1.35 ± 0.17^ab^     0.83 ± 0.19^ab^     0.71 ± 0.46^ab^
  V + P        1.53 ± 0.12^abcd^   1.03 ± 0.08^abcd^   0.61 ± 0.24^abcd^   0.59 ± 0.14^abcd^

Differences are considered to exhibit statistical significance when *P* \< 0.05 (*n* = 10) in the comparison of the mean ± standard deviation (SD) between various groups. a, b, c, d, and e indicate that there are statistical differences *vs* C, CCl~4~, V, P, and V + P groups, respectively. C: Control; V: Vitamin; P: Puerarin.

Protein levels of Wnt1 and β-catenin of liver
---------------------------------------------

As the Wnt/β-catenin signalling pathway plays a significant role in the progression of hepatic fibrosis, a western blot assay was applied to detect the protein levels of Wnt1 and β-catenin in the liver. Figure [3](#F3){ref-type="fig"} shows that the protein levels of Wnt1 and β-catenin in the liver tissues of rats in the CCl~4~ group and the medicated groups were higher than the C group. The medicated groups showed lower protein levels than the CCl~4~ group (*P* \< 0.05), among which the V + P group exhibited the lowest protein levels (*P* \< 0.01).

![The protein levels of Wnt1 and β-catenin of liver tissues in rats in the CCl~4~ group and the medicated groups were higher than the Control (C) group. A: Detection of protein levels of Wnt1, and β-catenin using western blot assay; B: Grey analysis of Wnt1; C: Grey analysis of β-catenin \[in the comparison of mean ± standard deviation (SD) of various groups, differences are statistically significant when *P* \< 0.05, *n* = 10. In addition, a, b, c, d, and e represent statistical differences *vs* C, CCl~4~, V, P, and V + P groups, respectively\]. C: Control; V: Vitamin; P: Puerarin.](WJG-24-4178-g003){#F3}

DISCUSSION
==========

Hepatic fibrosis is the inevitable pathological change during the development of chronic liver diseases. If it is not blocked, its further development would cause liver cirrhosis and even liver cancer. Hepatic fibrosis can be induced by many pathogenic factors, including viruses, parasites, alcohol, and some poisons such as CCl~4~. It is essentially a disturbance of the balance between the production and degradation of ECM outside hepatocytes. The ECM accumulates in the liver and its main component is collagen fibers\[[@B15],[@B16]\]. HSCs, as the principal participants in the production and degradation of ECM, when activated, are the key link necessary for the occurrence of hepatic fibrosis. Existing in the Disse space, HSCs mainly play their roles in metabolizing and storing vitamin A in normal conditions. They can synthesize and secrete small amounts of ECM and produce collagenase. When hepatic fibrosis occurs, HSCs in their resting state are activated. Active oxygen, lipid peroxide, and molecules secreted by nearby cells, such as activated Kupffer cells, and liver sinusoidal endothelial cells, as well as damaged hepatic cells, all can facilitate the activation of resting HSCs. After activation, HSCs have different morphologies, and the changes include the secretion of alpha smooth muscle actin (α-SMA), loss of vitamin A stored in cells, and increase in the rough endoplasmic reticulum. The activation of HSCs is also accompanied by a series of changes in genetic expression, including the appearance of receptors that can respond to paracrine stimulation on the cytomembrane of activated HSCs and a series of signalling cascade reactions in cells. The presence of the signalling cascade reactions in cells is beneficial to maintaining the phenotype of activated cells and controlling the occurrence of fibrosis, the proliferation of HSCs, and the increases in the transcription and translation of Collagen I and Collagen III\[[@B17]-[@B19]\].

The canonical Wnt signal transduction pathway is also known as the Wnt/β-catenin signal transduction pathway. It is the pathway that has been the subject of most of the research to date. As a highly conserved signalling pathway activated during the evolution of some species, it is a basic pathway that is able to regulate cell proliferation and cell polarity, control cell fate, and maintain homeostasis in the embryo, and influence tissue development. Therefore, the pathway plays significant roles in various physiological processes including early development of animal embryos, organogenesis, and tissue regeneration, as shown in Figure [4](#F4){ref-type="fig"}\[[@B20]\]. When Wnt is deficient, β-catenin in the cytoplasm is generally degraded via Axin complexes; in addition, glycogen and casein kinase 1 (CK1) synthesize glycogen synthase kinase 3 (GSK3), which sequentially phosphorylates the amino terminus of β-catenin. As a result, β-catenin is recognized by β-Trcp and the sub-unit of E3 ubiquitin ligases and is then degraded by the ubiquitination pathway. The continuous removal of β-catenin inhibits the nuclear import of β-catenin and the combination of the protein family of T cell factor/lymphoid enhancer factor (TCF/LEF) with DNA, thus suppressing the transcription of Wnt target genes\[[@B21],[@B22]\]. When Wnt ligands are bound with transmembrane Frizzled (Fz) receptors and their co-receptor--low-density lipoprotein receptor related protein 6 (LRP6) or similar LRP5, the Wnt/β-catenin signalling pathway and dishevelled Dsh/Dvl proteins in cells are activated. Consequently, the GSK-3β activity is suppressed, Axin falls off, and the formation of biodegradable composite film (mainly composed of Axin, APC, and GSK-3β) of β-catenin is inhibited. Therefore, β-catenin will aggregate, not be recognized, and degraded *via* the ubiquitination pathway\[[@B23],[@B24]\]. As β-catenin accumulates to a certain level, it dissociates. Under these conditions, β-catenin is likely to undergo nuclear translocation, thus combining with the transcription factor TCF/LEF, forming transcriptional activation complex, and finally upregulating or downregulating the expressions of some downstream genes. At present, the known target downstream genes include D1 (cyclin D1), c-myc, MMP7, survivin, CD44, and growth factor, and new target genes are constantly being discovered\[[@B25],[@B26]\]. In the Wnt/β-catenin pathway, Wnt1 is the key gene participating in the aggregation and disappearance of β-catenin and is closely related to the occurrence and development of hepatic fibrosis and tumors.

![Overview of WNT/β-catenin signalling. Without WNT signalling ("WNT OFF"), the destruction complex phosphorylates cytosolic β-catenin, and phosphorylated β-catenin is recognized and degraded by the proteasomes. With active WNT signalling ("WNT ON"), the function of the "destruction complex" is inhibited to phosphorylate cytosolic β-catenin. Then unphosphorylated β-catenin accumulates in the cytosol, translocates into the nucleus, and activates WNT target gene expression, such as the targets of the T-cell factor and lymphoid enhancer factor-1 (TCF/LEF1) family of transcription factors.](WJG-24-4178-g004){#F4}

The Wnt/β-catenin pathway and the activation and proliferation of HSCs are therefore associated with hepatic fibrosis. The Wnt/β-catenin pathway, dominated as it is by Wnt and β-catenin, plays a significant role in regulating the activation of HSCs and the secretion of Collagen I and III. Although the mechanism *via* which the Wnt/β-catenin signalling pathway takes part in hepatic fibrosis by activating HSCs is not completely understood, activated HSCs, as well as Wnt1 and β-catenin, have become important targets in anti-hepatic fibrosis therapy.

Most of the vitamin D in the body is produced by the liver, which is also one of the target organs of vitamin D. Previous studies have revealed that vitamin D is capable of ameliorating CCl~4~-induced hepatic fibrosis in mice. *In vitro* experiments have shown that this is probably because it reduces the activation of HSCs and the secretion of collagen fibers. Puerarin, as a type of flavonoid drug that is widely applied in clinical practice, is also able to alleviate CCl~4~-induced hepatic fibrosis (according to the evidence of existing research): however, there is no report on the issue as to whether the Wnt/β-catenin signalling pathway can be significantly suppressed after the combined use of vitamin D and puerarin. Whether using vitamin D or puerarin alone, their protective effects on the liver during the progression of hepatic fibrosis have been found to be closely associated with their functions of suppressing HSCs. Our preliminary research revealed that the combined use of the two drugs is able to impart greater protective function, so we speculatd that the mechanism of the combined use is probably related to HSCs, Wnt, and β-catenin.

The research demonstrated that CCl~4~ greatly increased the HA level in blood and Hyp level in rat liver. By observing the Sirius-red-stained specimens under a microscope, it was found that CCl~4~ caused the deposition of collagen fibers in the liver of the rats. All these results indicated that the rat model of hepatic fibrosis was successfully established. Vitamin D and puerarin can both reduce the HA level in blood and Hyp level in liver of the rats, thus greatly decreasing the amount of collagen fibers in the liver. The combined use of vitamin D and puerarin most significantly reduced various damage indices and alleviated the deposition of collagen fibers, which proved that the two drugs have synergistic effects. Meanwhile, we detected the mRNA and protein levels of Collagen I, Collagen III, Wnt1, and β-catenin molecules in the liver of the rats. The results indicated that both vitamin D and puerarin are capable of decreasing the mRNA and protein levels of these molecules. Likewise, the most significant reduction effect was also observed in the V + P group. This suggested that the protective effect of the combined use of vitamin D and puerarin in the progression of hepatic fibrosis is closely associated with the functions of silencing the Wnt1/β-catenin pathway, suppressing the activation of HSCs, and decreasing the secretion of collagen fibers.

The research investigated the protective effect of the combined use of vitamin D and puerarin against CCl~4~-induced hepatic fibrosis in rats. The results revealed that the combined use of the two drugs exhibited a superior anti-hepatic fibrosis effect compared to that of each of the agents used as a single medication. It was preliminarily found that the protective mechanism of the combined use was related to the Wnt/β-catenin pathway, which provided a useful reference for those in clinical practice. However, the regulatory mechanism is complex and involves multiple factors and pathways. Other mechanisms of action warrant further investigation.

ARTICLE HIGHLIGHTS
==================

Research background
-------------------

Hepatic fibrosis is seriously endangering the safety of life. At present, there is no ideal way to treat hepatic fibrosis. The combination of vitamin D and puerarin can improve the effects of anti-hepatic fibrosis, but the mechanism is not clear. Therefore, the aim of this study is to explore the mechanism of the combined use of vitamin D and puerarin in the treatment of hepatic fibrosis, so as to improve the theoretical basis for the treatment of hepatic fibrosis.

Research motivation
-------------------

The combination of vitamin D and puerarin can improve the effect of anti-hepatic fibrosis, but its mechanism is not clear. The Wnt/β-catenin pathway is closely related to liver fibrosis. In this study, we found that vitamin D and puerarin are closely related to the regulation of Wnt/β-catenin pathway in hepatic fibrosis, which provided a useful reference for those in clinical practice.

Research objectives
-------------------

The research aimed to reveal the protective mechanism of the combined use of vitamin D and puerarin in the progression of hepatic fibrosis induced by carbon tetrachloride (CCl~4~).

Research methods
----------------

In this study, a Wistar rat model of hepatic fibrosis was constructed by CCl~4~. Vitamin D combined with puerarin was used in the treatment of hepatic fibrosis rats, and the liver pathology and the genes related to the Wnt/β-catenin pathway were detected. The protective mechanism of the combined use of vitamin D and puerarin in the progression of hepatic fibrosis was explored at the molecular level.

Research results
----------------

The research demonstrated that CCl~4~ greatly increased the HA level in blood and Hyp level in the rat liver. CCl~4~ caused the deposition of collagen fibers in the liver of the rats. Vitamin D and puerarin can both reduce the HA level in blood and Hyp level in liver of the rats, thus greatly decreasing the amount of collagen fibers in the liver. The combined use of vitamin D and puerarin most significantly reduced the various damage indices, and alleviated the deposition of collagen fibers, which proved that the two drugs had synergistic effects.

Research conclusions
--------------------

The combined application of vitamin D and puerarin is capable to alleviating the CCl~4~-induced hepatic fibrosis of rats.

Research perspectives
---------------------

We have learned to induce an animal model of hepatic fibrosis and study the drug effects by the animal model, but also because we were not skilled enough in the experimental technique and spent more time doing repetitive work. The future research direction is to explore the prevention and treatment measures of hepatic fibrosis. The drug targets will be studied by transcriptome, proteomics and other methods.
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